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Search for neutrino oscillations
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The LSND Experiment: V,—V,
800 MeV proton beam
\’vater target TE B
B Copper beamstop W= e v, Ve
x itv, =V,

N +
V.p—>¢€n

). . np—>dy (2.2 MeV)

L/E = Im/MeV
167 tons of mineral oil
1280 photomultipliers

Beamline 30m
Neutrino energy

20-55 MeV



[LSND Result
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Neutrino Oscillations Scenario
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Needs confirmation
MiniBooNE

3 separated Am? regions
interesting situation...

add a 4" neutrino (or more)
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... or other explanations like
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(Barenboim et.al.(Phys.Lett.B534:106.2002)



MiniBooNE

% High statistics

x10 more than LSND

% Different systematics

different backgrounds and
event signatures

* High flux v, beam
Lith well understood

v. component
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The BooNE Collaboration
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The MiniBooNE beamline

magnetic horn  decay pipe 24 450 m dirt

and target 25 or 530 m {héqn

detector

8 GeV protons from the FNAL Booster
strikes a Be target
producing mesons decay
neutrinos traverse 450 m of dirt

reaching the detector



Exciting time for the Booster

"1 Many improvements happened since August'02
1 Dedicated study periods have enlightened our understanding
of the machine
1 New record achieved on February 06
after lifting up extraction g cm s
septum magnet

3.5E12 protons/pulse

5.65E16 protons/hour




Booster performance

o Tune to reduce
MiniBooNE dogleg currents
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Total Booster )
Output '
(protons/minute) 5-0Er1d
Test with one dogleg
Ep_— off (halfway to
, MiniBooNE goal!)
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Beamline performance

We understand our beam optics

Herzontal and Verticaol Central Trajectory Perturbations

harizamntnl

/\ . /iy Measured and predicted changes
\f/ t % of central trajectory along beamline

Horizontal and Vertical Beam Envelopes

Calculated beam envelope _
with measurements overlayed _.°




Horn and target system

Current: 170 KA

Rep rate: 5 Hz

Design lifetime: 200 million pulses

Up to now: 9.6 million pulses

Toroidal magnetic field focuses positive

particles (v mode)

Can switch polarity to focus negative

particles (v mode)

-71 cm long Be target

- Resides 1nside the horn

- i production off target was
measured at HARP (CERN)

(20.6 million triggers)




Understanding beam backgrounds

Backgrounds are mis-id of
u's and 7's
and intrinsic v, in the beam
Signal and background behave differently
by varying the length of decay pipe
Signal proportional to L decay
Background proportional to L?

o
| Intrinsic v 's from p decays

decay

"1 Intrinsic v_'s from Kaons decay (K*,K,)

Little muon counter

25 m absorber
50 m absorber

" Little Muon

secondary beam Counter
focussed into

decay region muon monitors in absorbers




Neutrino flux at the detector
L/E ~ Im/MeV

8 GeV protons on Be
p + Be —» n*, K*, K°,
yields a high v, beam

o
€

T — pﬂvlLl
0 —
K"— M+VM, K"—>m
wv,
with low v, component

v Flux (arbitrary units)
o

O

w— e*vesau
o 05 1 15 2 25 3 K" — noe+ve, KLO T

E, (GeV) C+Ve
Flux estimate 1s crucial



MiniBooNE Detector

| 12 m spherical stell tank i
1 250,000 gallons of pure mineral o1l

. Total volume: 800 tons
Fiducial volume: 445 tons
(5m radius)

1 1280 PMT's in the detector region
10% photocathode coverage

240 PMT's 1n the veto region



Detector reminiscence

Last tube installed
October 19, 2001

(8 months total)

First o1l railcar delivered

in December'01
(5 months total)

Topping off
detector 1n
June 24t 02

Armotate This Entry

Cate Created: Sunday, August 25, 2002 121512 AMCDT

Cate Sawved: Sunday, August 25, 2002 12:44:08 AWM COT

Categony - Topiz - sequence number. Shifts/Shifts - Shift_General_Log - 760
Ope@tons): Fernanda Gawcia

keywordis) (SHIFTS:

See the Mini BooNE heamline loghook for more details and cool plots.
First Kun number: 1745

Congratulations everybody!



Monitoring the o1l

O1l samples are taken regularly
Attenuation length: (L) = 25.06£1.9m

Oil samples are tested for oxygen on a regular basis

dissolved gas (ppm)
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Electronics performance

Dead PMT History

IV L=t M tnbes, BETI= Ses iohes, DR = AR inhes
~ 99.5% operational o | — T
I
electronics channels el
. g8
| Dark noise ~ |KHz L | i
é & - & " gl
[] 07% dead PMT'S. E 4} ‘_//
' . Tk 2 — 3
New PMT's dying at £
a rate of ~ 0.5%/yr [
T T S |f|.n —n 250

Tizws since Y anch 2502

This is as good or better
than other experiments!



DAQ and Trigger

ﬁ 10°F Tk hits = 12,
* Average trigger rate ~23 Hz = ]im I g = 12 <
- 1 arazin C:}smics,ﬁ'de;:u I elo |szé
Beam rate 2-5 Hz "gmzé et / 115
o :
* DAQ uptime ~ 98% S o [ e

Cosmic musns
g2 kH=z [Tunk hits = 100)

*  Variety of internal triggers

are implemented
Veto eff=4Y% 97757

ratic from hits > 200 regicn

: .-. aa
1 a w0
1 a w0
PI-1 USRS RS VRPN JON R TR SR -0 LE I B | L

o 200 400 600 00 1000 1200

Tank hits fer 3 triggers Nhitf‘tﬂ nk hitS}



Calibration system

. .. Cubes trigger
Cubes give position implemented during
measurement of
stopping muons and

decay electrons

Muon tracker provides
direction of the
COSmIC ray muons

Scintillator
Cube

4 flasks filled with ludox
at different locations in the tank
Provide PMT gain and timing




Calibration system: laser

Time offset constants
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Calibration:Michels

Using decay electrons from cosmic muons
to determine energy scale

Michel e energy spectrum

sa0f . Michel and Monte Carlo comparison

¥,0f eventg

1500

100D

5ao

0 100 200 200
Tank charge (PE)

Entries 194
Mean 103.0
RMSE 82.25

20
17.5

The end point indicates
14.8% energy resolution 25

Events
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Events 1in the detector

3 > Muon
candidate Neutrino interactions
) in oil produces
Cerenkov light (prompt)
, Scintillation light (late)
...1:'.---.:'&_ Contained
=: :f:'ﬁ'g muon
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First events from beam data

Simple cuts applied
> 200 hits 1n the main region
< 6 hits 1n the veto region

(Labor day weekend)
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Labor day weekend



: 0
First look at " mass ..and it is there!

0
V, POV, P

0 } n¥ NC production
VN>V N

2 f
$ 50 :
. w [ b v /NDF 153.19 / 142
Cuts applied: - Prob, 025
. B I Constant 2938 + 273
- Tank hits >200 400 | Mean 13484+ 200

| Sigma 2235 +217

- Veto hits < 6 [
- 2 rings > 10 p.e. each |, @,‘ﬁ

3 {
- 1.6 us beam window 20 " VIR \X‘Q'

IN . Al

200 400 600 T 1000
0 candidate mass (MeVf)

Using ¥, we can check
the energy calibration
above michels



What do we know about low
energy neutrinos cross sections?

Vyn —> = p Vyp —p pm
CC v, Quasi—Elastic Cross Section CC Single Pion Production
“E = Sarpukov, Ballkov, 7. Phys, A320, 825 (1588), A = E = CERN-wA2S, Alinalo, Nucl. Phys. B343, 288 (1950), Dy
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Check rates for various v interactions

to check cross sections model

We collected ALL possible
low energy neutrino data

and kinematics
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And we are accumulating protons...

Record week:
Feb 241 with
4.28E18

protons delivered

26- 9. 23 ¥- 21- 4- 18- 2- 16- 30- 13- 27- 10- 24-
Aug Sep Sep Oct Oct  Nov  Mov Dec Dec Dec Jan Jan Feh Feh

Week Ending

Protons X E18

(o}

Total protons delivered
4.16E19

[}

Protons X E19

| s

26- 9 23 1 M- 4 18 2. 6 30 13- - 10 M. dellvered were COlleCted

~ 30% of the total protons

Aug Sep Sep Oct Oct MNov Nov Dec Dec Dec Jan Jan Feb Feb

after Jan shutdown.
Week Ending




Conclusions

MiniBoone 1s taking data and 1s doing well!

Neutrino events look as expected

We are 1n the process of understanding our calibration
and reconstruction algorithms

Need more protons to complete the program
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